Cellular basis of ventricular arrhythmias and abnormal automaticity in heart failure.
The high incidence of sudden death in heart failure may reflect an increased propensity to abnormal repolarization and long Q-T interval-related arrhythmias. If so, cells from failing hearts would logically be expected to exhibit a heightened susceptibility to early afterdepolarizations (EAD). We found that midmyocardial ventricular cells isolated from dogs with pacing-induced heart failure exhibited an increased action potential duration and many more EAD than cells from nonpaced controls; this was the case both under basal conditions (P < 0.01) and after lowering external K(+) concentration ([K(+)](o)) to 2 mM and exposing cells to cesium (3 mM; P < 0.05). An unexpected finding was the occurrence of spontaneous depolarizations (SD, >5 mV) from the resting potential that were not coupled to prior action potentials. These SD were observed in 20% of failing cells (n = 5 of 25) under basal ionic conditions but in none of the normal cells (n = 0 of 27, P < 0.05). The net inward current that underlies SD is not triggered by Ca(2+) oscillations and thus differs fundamentally from the currents that underlie delayed afterdepolarizations. We conclude that cardiomyopathic canine ventricular cells are intrinsically predisposed to EAD and SD. Because EAD have been linked to the pathogenesis of torsade de pointes, our results support the hypothesis that sudden death in heart failure often arises from abnormalities of repolarization. The frequent occurrence of SD points to a novel cellular mechanism for abnormal automaticity in heart failure.